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REMARKS 

Claims 1-16 are now present in this application, with new 
claims 13-16 being added by the present Preliminary Amendment. 
It should be noted that the amendments to original claims 1-12 
of the present application are non-narrowing amendments, made 
solely to place the claims in proper form for U.S. practice 
and not to overcome any prior art or for any other statutory 
considerations. For example, amendments have been made to 
broaden the claims; remove reference numerals in the claims; 
remove/change any phrases unique to European practice; remove 
multiple dependencies in the claims; and to place claims in a 
more recognizable U.S. form, including the use of the 
transitional phrase "comprising" as well as the phrase 
"wherein" . Other such non-narrowing amendments include 

placing apparatus-type claims (setting forth elements in 
separate paragraphs) and method-type claims (setting forth 
elements in separate paragraphs) in a more recognizable U.S. 
form. Again, all amendments are non-narrowing and have been 
made solely to place the claims in proper form for U.S. 
practice and not to overcome any prior art or for any other 
statutory considerations . 

CONCLUSION 

Accordingly, in view of the above amendments and remarks, 
an early indication of the allowability of each of claims 1-16 
in connection with the present application is earnestly 
solicited . 

Should there be any outstanding matters that need to be 
resolved in the present application, the Examiner is 
respectfully requested to contact Donald J. Daley at the 
telephone number of the undersigned below. 

If necessary, the Commissioner is hereby authorized in 
this, concurrent, and future replies, to charge payment or 
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credit any overpayment to Deposit Account No. 08-0750 for any 
additional fees required under 37 C.F.R. § 1.16 or under 37 
C.F.R. § 1.17; particularly, extension of time fees. 

Respectfully submitted, 

HARNESS, DICKEY & PIERCE, P.L.C. 



By: 
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Donald J. Daley, Reg 


. No. 34 J 
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P.O. Box 8910 
Reston, Virginia 20195 
(703) 668-8000 

DJDrbof 
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SUBSTITUTE SPECIFICATION 



ELECTRONIC POWER MODULE COMPRISING A RUBBER SEAL AND 
CORRESPONDING PRODUCTION METHOD 



[0001] This application is the national phase under 


35 


U.S.C. § 371 of PCT International Application 


No . 


PCT/EP2004/005508 which has an International filing date of 


May 


21, 2004, which designated the United States of America 


and 


which claims priority on European Patent Application number 


03015213.6 filed July 4, 2003, the entire contents of which 


are 


hereby incorporated herein by reference. 



Field 

[0002] The present invention generally relates to an electronic 

power module . In- in particular , it may relate to — §o^e an 

electronic motor controller for soft-starting motors, having a 
first and a second cooling device and a semiconductor device 
which is arranged between the first and the second cooling 
device. The present invention also generally relates to a 
corresponding method for producing an electronic power module. 

Background 

[0003] An electronic power module of this generic type is known 
as a constituent part of a power electronics unit for soft- 
starting motors. In this case, the power electronics unit 
comprises — includes one or more electronic power module or 
modules which has/have to be designed for short-term loading. 
The electronic power module is used to carry and influence 
current in one phase, that is to say a corresponding number of 
electronic power modules are required depending on whether the 
network is a single-phase or three-phase network. 
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[0004] A power electronics unit of this type carries current 
only in the starting phase of the motor, paid the current being 
taken over in the operating phase by a switching device which 
is connected in parallel. 

[0005] During the soft-starting of motors, the current is only 
a fraction of the direct switch-on current of the motor. During 
starting, the current is typically 25% to 75% of the direct 
switch-on current. However, soft-starting at a reduced current 
results in a prolonged starting time of the motor in comparison 
to that with direct switch-on. 
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Very high power losses occur in the semiconductors of the 
electronic power modules during the starting phase. It_— 
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[0006] is necessary to ensure that the maximum permissible 
depletion-layer temperature for the semiconductor is not 
exceeded, in order to prevent the latter from being destroyed, 
by combining the power module or power semiconductor and a heat 
sink in a suitable manner. It is also necessary to minimize the 
space required by electronic power modules on account of the 
restricted space available in the switchgear cabinet. 

[0007] An embodiment of a thyristor power module in which two 
individual thyristors are connected back-to-back in parallel 
and are pressed between two symmetrical heat-sink halves is 
known but not documented in any printed publications. One of 
the two heat-sink halves is divided in the middle and the two 
parts are connected by a flexible, electrically conductive 
connection. This allows the thyristor disk cells to be pressed 
over their surface areas, even if the disk cells are of 
different heights. The two heat-sink halves of this known power 
section, which is designed both for short-term loading and for 
long-term operation, are part of the electrical circuit and are 
therefore at a potential. 

[0008] The short-term loading which occurs during soft-starting 
causes a very high power loss in the silicon cell, this power 
loss leading to the disk cell heating up immediately after 
loading begins. After about 2 to 5 seconds, a constant 
temperature difference is established between the silicon cell 
and the heat sink, that is to say the disk cell is in the 
steady state in terms of temperature, and in this state almost 
all of the power loss is then used to heat up the heat sink. In 
this case, the power section is cooled by means of a fan. 

[0009] -Also known are Siemens power modules from the 3RW3 0, 
3RW22 and 3RW34 series for switching powers of less than 250 
kW, these modules being made up of thyristor modules. Similarly 
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to the above-described power modules with thyristor disk cells, 
these modules are cooled on one side of the thyristor__— 
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[0009] by moana — way of an aluminum heat sink. A thermally 
conductive paste or a thermally conductive film or foil is 
inserted between the thyristor module and the cooling 
mcana device . 

[0010 ] Furthermore , German patent application 100 22 341.9 from 
the same applicant discloses a further development of an 
electronic power module. This power module is distinguished in 
that two semiconductor components, which do not have a housing 
and comprioe — include the actual semiconductor element and 
molybdenum disks, are fixed between two copper rails. This 
arrangement is installed and encapsulated in a housing. The 
encapsulation compound is used to maintain the required voltage 
separations and to protect oaid — the arrangement from harmful 
environmental influences. The heat sink is fitted to one side. 

[0011] The entire structure of the abovementioned electronic 
power modules is relatively large, and this has a noticeably 
negative effect on the dimensions of the switching devices. 

[0012] The An object of at least one embodiment of the present 
invention therefore — involves reducing the dimensions of the 
electronic power modules while maintaining the required cooling 
power in the process. 

[0013] According to at least one embodiment of the invention, 
thio an object 4r3— may be achieved by mcana way of an electronic 
power module, in particular for an electronic motor controller 
for soft-starting motors, having a first and a second cooling 
device and a semiconductor device which is arranged between the 
first and the second cooling device, with an elastic annular 
element being arranged around the semiconductor device, and 
with the space within the annular element, which space is 
partially bounded by the first and second cooling devices and 
in which the semiconductor device is located, being cast. 
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[0014] 
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Furthermore, at least one embodiment of the invention also 
makes provision for a method for producing an electronic power 
module, in particular for an electronic motor controller for 
soft-starting motors, by arranging a semiconductor device 
between a first and a second cooling device, arranging an 
elastic annular element around the semiconductor device, with a 
space being produced within the annular element, which space is 
partially bounded by the first and second cooling devices and 
in which the semiconductor device is located, and casting the 
space with an encapsulation compound. 

[0015] At least one embodiment of 3 *he — the invention is based on 
the idea that the conductive parts are not installed in a 
sealing housing, as was previously the case, and encapsulating 
them in this housing with a soft encapsulation compound. This 
design permits cooling only on one side. According to at least 
one embodiment of the invention however, the functions of the 
housing are provided by a rubber seal which is fixed between 
the copper rails used, for example. 

[0016] The design according to at least one embodiment of the 
invention permits particularly low overall dimensions at 
simultaneously high switching frequencies. This is achieved 
firstly by the very low heat transfer resistance from the 
semiconductor, by mcano — way of heat accumulators for example, 
to the cooling moans device (s) which are fitted on both sides. 
However, the overall dimensions are mainly reduced in that heat 
is dissipated symmetrically from the semiconductors by fitting 
cooling means device (s) on both sides. 

[0017] -Ideally, the overall width of the modules may be 
virtually halved by fitting cooling device (s) mcano — on both 
sides. The overall width of the switching device can be kept 
low because the overall width of the power module is reduced. 
This is highly advantageous for utilizing the volume of a 
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switchgear cabinet to an optimum extent. A narrower overall 
width is more highly valued than a lower overall depth or 
height here . 
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[0017] 



[001 8 ] — On account of the design according to at least one 
embodiment of the invention, the use of complicated clamping 
systems, aa arc described in the abovementioned patent_— 
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[0018] application, can be dispensed with, since the heat sink 
takes over the supporting function of the steel crossbeam or 
pressure apparatus used in that patent application. Cup- spring 
assemblies which are recessed in the heat sink may be used as 
the resilient element, as a result of which the overall depth 
can be kept low too . 

[0019] Both the first and the second cooling device each 

preferably comprioc include at least one heat sink. 

Furthermore, however, the cooling devices may also each have 
metal rails for directly transporting heat away from the 
semiconductor device and for making electrical contact with the 
semiconductor devices . 

[0020] In order to simplify assembly and to reduce production 
costs, the metal rails and the heat sink of a cooling device 
may be integrally formed. Suitable materials for this include 
both copper and aluminum. 

[0021] The semiconductor device may have two semiconductor 
elements electronically connected back- to-back in parallel, in 
particular thyristors. In this case, the semiconductor elements 
are preferably in the form of semiconductor cells without a 
housing, so that heat can be directly transported away and a 
smaller physical form is possible. 

[0022] The elastic annular element for sealing purposes, which 
element can be used to compensate for manufacturing tolerances 
of the cooling devices and the semiconductor elements, is 
preferably composed of a rubber material . 

[0023] -In addition to its function of mechanically protecting 
the semiconductors and the soft encapsulation compound, the 
elastic annular element has the said function of providing a 
liquid-tight space for the encapsulation compound by sealing 
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off the gap between the copper rails or cooling devices. 
Furthermore, the elastic annular element has the function — 
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[0023] of maintaining the required minimum air gap and creepage 
distance between the power supply side and the load side. 

[0024] Thio moano that Thus, the cooling devices or copper rails 
are at different voltage potentials and flashovers must be 
prevented by ensuring a predefined separation. The annular 
element should therefore be of a size which is substantially 
constant in the axial direction, so that a prespecified air gap 
or creepage distance is ensured between the first and the 
second cooling device . 



[0025] Furthermore , the annular element preferably has an 
opening or cutout through which lines for triggering a 
thyristor are passed and/or through which an encapsulation 
compound can be introduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] Embodiments of t^ he present invention will now be 
explained in greater detail with reference to the attached 
drawings, in which: 



Figure 1 shows an exploded drawing of the parts of a power 
module according to at least one embodiment of the 
invention ; 



Figure 2 shows a three-dimensional view of a fully assembled 
power module; 

Figure 3 shows a side view of the power module from figure 2; 

Figure 4 shows a cross-sectional view of the power module from 
figure 2; and 
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Figure 5 shows a circuit arrangement with power modules 
according to at least one embodiment of the 
invention . 



[0027] The exemplary — example embodiments described in greater 
detail below represent preferred example embodiments of the 
present invention . 

DETAILED DESCRIPTION OF THE EXAMPLE EMBODIMENTS 

[0028] 
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The individual components of an electronic power module 
according to at least one embodiment of the invention are 
sketched in an exploded view in figure 1. The central component 
is a semiconductor module 1. This semiconductor module 
comprioco — includes two semiconductor cells 2 and has a gate 
terminal 3 . Lines 4 and 5 for the auxiliary cathodes for 
triggering the thyristors are shown above the semiconductor 
module 1. In the drawing, a rubber seal 6, which surrounds the 
circumference of the semiconductor module 1 in the installed 
state, is located below the semiconductor module 1. 

[0029] Figure 1 also shows copper rails 7 and 8 which are 
brought into direct contact with the semiconductor module 1 in 
order to make contact with it and to buffer the heat lost 
during switching cycles. Two heat sinks 9, 10 and 11, 12 are 
arranged on the outer faces of each of the copper rails 7 and 
8. Insulating sleeves 13, in which screws 14 are inserted, are 
used to secure this arrangement. Cup-spring assemblies 15 which 
are recessed in the respective heat sink 9, 10 are used as the 
resilient element. This design also serves to reduce the volume 
of the power module, and in particular to reduce the overall 
depth . 

[0030] The fully assembled power module is shown in perspective 
in figure 2 . Most of the elements described in connection with 
figure 1 can also be seen in this figure. However, the 
semiconductor module 1 cannot be seen in figure 2 because it is 
located in the space between the heat sinks 9, 10, 11 and 12 
and the rubber seal 6 . 

[0031] A side view of the power module according to at least 
one embodiment of the invention is illustrated in figure 3. 
Reference is again made to figure 2 and figure 1 as regards the 
individual components . 
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[0032] — Figure 4 shows a cross section through the side view 
from figure 3. The way in which the semiconductor cells 2 of 
the semiconductor module 1 are embedded in the metal or — 
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[0032] copper rails 7, 8 can be clearly seen. The copper rails 
7, 8 emit their heat to the respective heat sinks 9, 10, 11 and 
12. The heat sinks are usually composed of copper or aluminum. 
If the metal rails 7, 8 are integrally formed with the heat 
sinks 9, 10, 11 and 12, further heat transfer points are not 
needed. As a result of this, the dimensions may again be 
reduced and production costs may be lowered. 

[0033] The semiconductor cells 2, which are shown as being 
integral in figure 4, comprise include a silicon disk which is 
generally embedded between two metal disks, which are composed 
of molybdenum for example, and is provided with a contact- 
making means for applying an activation current pulse (gate 
line) . 

[0034] The space between the metal or copper rails 7, 8 and the 
rectangular rubber ring seal 6, in which the semiconductor 
module 1 or semiconductor cells 2 are located, is encapsulated 
with an encapsulation compound 16. The requirements in terms of 
stability and isolation are consequently fulfilled. To this 
end, figure 2 shows an opening 17 through which the 
encapsulation compound 16 can be introduced into the free space 
between the metal rails 7, 8 and the rubber seal 6. The 
connection lines 3 and 5 project through this opening 17 in the 
rubber seal 6 . 

[0035] Profiling the rubber seal 6 contributes to increasing 
the creepage distance between the two metal rails 7, 8 which 
are at different potentials. Corresponding connections 18 for 
making electrical contact are formed in the metal rails 7, 8. 

[0036] The heat sinks 9, 10, 11 and 12 are screwed to one 
another by mcano — way of the screws 14, the insulating sleeves 
13 and the cup-spring assemblies 15. 
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[0037] 
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Finally, figure 5 shows an electrical circuit diagram of two 
power modules 2 0 and 21 which are connected to form a four- 
terminal network. Each of these power modules 2 0 or 21 
corresponds to the power module which is illustrated in the 
preceding figures. The circuit diagram of each power module 20, 
21 is characterized by two thyristors TH1 , TH2 or TH3 , TH4 
electrically connected back-to-back in parallel. Each of these 
thyristors TH1 to TH4 is formed by a semiconductor cell 2 (cf. 
figure 1 and figure 4) . 

[0038] A voltage V in is applied to the input of the four- 
terminal network at a frequency fi n - The output current is 
denoted by I out . 

[0039] The inventive design of the power module allows the 
motor to be cold-started more effectively or to be started more 
frequently with the power module having the same overall size, 
or allows the overall size of the power module to be reduced 
with the same cold-starting capability and starting frequency. 
The cold-starting capability should be understood as the 
maximum total load in terms of current and time which can be 
achieved with a motor starter, which is at a defined ambient 
temperature, without damaging the semiconductor switching 
element by exceeding the maximum permissible depletion-layer 
temperature. The starting frequency is to be understood as the 
maximum total load in terms of current and time for motor 
acceleration, and also the on-time and the number of switching 
operations per hour (cycles per unit time) , which can be 
achieved with a motor starter, which is at a defined ambient 
temperature, without damaging the semiconductor switching 
element by exceeding the maximum permissible depletion- layer 
temperature . 

[0040] Example embodiments being thus described, it will be 
obvious that the same may be varied in many ways. Such 
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variations are not to be regarded as a departure from the 
spirit and scope of the present invention, and all such 
modifications as would be obvious to one skilled in the art are 
intended to be included within the scope of the following 
claims . 
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